The first complete genome sequence of an isolate of Tobacco necrosis virus D (TNV-D; genus Necrovirus, family Tombusviridae) was that of a bean isolate from England [4] . The complete nucleotide sequence of another TNV-D isolate, an Hungarian isolate from tobacco plants (TNV-D H ), revealed a similar genomic organization [11] . The single-stranded positive-sense RNA genome of TNV-D is about 3.8 kb in size and contains six open reading frames (ORFs). The two 5 0 -proximal ORFs are likely to be translated from the same initiation codon by translational readthrough of the amber stop codon, allowing the synthesis of the putative RNA-dependent RNA polymerase (RdRp). For the TNV-D H genome, three small ORFs were deduced, located between the ORFs encoding the putative RdRp and the other major translation product, the coat protein (CP), encoded at the 3 0 end. These small ORFs encode three different 7-kDa proteins, p7 1 , p7a and p7b.
Until now, 14 different viruses have been identified in olive trees [7] . Viruses with properties of TNV were first detected in an olive tree (Olea europaea L.) when several mechanically transmitted isolates tested positive in ELISA against a wide-spectrum antiserum to TNV [6] . One of those was studied further, and its CP gene sequence and the corresponding deduced amino acid sequence revealed a high degree of identity (86.2%) with that of TNV-D, suggesting the presence of a TNV-D isolate [2] . However, further genomic characterization of this isolate revealed that its RdRp showed higher sequence identity with that of isolates of Tobacco necrosis virus A (TNV-A) and Olive latent virus 1 (OLV-1) [8] and led to its classification as a member of a new necrovirus species, Olive mild mosaic virus (OMMV) [3] . In the present study, the complete genomic sequence of a TNV-D isolate from a Portuguese olive tree (TNV-D P ) was determined and compared with that of other necroviruses.
TNV-D P was obtained by inoculating fruit extracts from an olive tree, cv. Verdeal Alentejana, onto the test plant Chenopodium murale, followed by serial transfer of single local lesion passages in C. murale. Double-stranded RNA (dsRNA) was extracted from symptomatic C. murale plants by phenol extraction and chromatography on a cellulose CF11 column [12] . Purified virus particles were also obtained from symptomatic C. murale plants as described previously [2] and used for viral RNA extraction with the RNeasy Plant Mini Kit (Qiagen). The 3 0 end of viral RNA was polyadenylated with poly(A) polymerase (Takara) and then used as a template for cDNA synthesis using the M-MLV Reverse Transcriptase (Invitrogen) in the presence of primer oligo(dT)/NotI (5 0 -AACCCGGCTCGAGCGGC CGC(T) 18 -3 0 ) according to manufacturer's instructions. The resulting product was treated with RNaseH (Fermentas) to degrade the RNA chain of the RNA-DNA hybrid, purified using a GFX PCR DNA Purification Kit (GE Healthcare Biosciences) and used in PCR with the proofreading FideliTaq DNA polymerase (USB). Primers GP 3 
were designed based on the 5 0 and 3 0 genomic sequences of TNV-D H [11] , respectively, and were used in the PCR for amplification of a fragment about 3.8 kb long. The amplified product was purified using GFX PCR DNA Purification Kit (GE Healthcare Biosciences). For amplification of the 3 0 -terminal genome sequence, primers V8 3150 5 0 (5 0 -GTTTCACAATGCTACCAATCC-3 0 ), corresponding to nt 3139-3159 in the TNV-D P genome, and Anchor oligo (dT) (5 0 -AACCCGGCTCGAGCGGCCGC-3 0 ) were used in the PCR. The obtained product was subjected to a second PCR with the same primers. Purification of the amplified product was carried out after agarose gel extraction using a MinElute Gel Extraction Kit (Qiagen). For cloning the 5 0 -terminal genome sequence, the cDNA was dA-tailed with terminal deoxynucleotidyl transferase (Fermentas) according to the manufacturer's instructions and then subjected to PCR in the presence of primer oligo (dT)/NotI and the specific primer 2V8SP2 (3 0 -TGGAA TAAGAACCTGAGCG-5 0 ), which is complementary to nt 175-193 of viral genome and designed based on previously obtained sequence. This PCR product was subjected to a second amplification using primers Anchor oligo (dT) and 2V8SP2. The desired fragment was excised from the agarose gel and purified using a MinElute Gel Extraction Kit (Qiagen). The three overlapping RT-PCR amplification products were cloned using TA ends left by FideliTaq DNA polymerase into pGEM-T Easy Vector (Promega), and this construct was used to transform E. coli JM109 competent cells.
Selected positive clones were fully sequenced in both strands in an Automatic Sequencer 3730xl under BigDyeTM terminator cycling conditions at Macrogen Company. Sequence analysis was carried out using BioEdit [9] , and homologous sequences in the databases were searched using BLAST [1] . Phylogenetic trees were constructed by the neighbour-joining method [15] with 1,000 replications of bootstrap using MEGA 3 [10] . EMBOSS software [14] and PROSITE [5] programs were used for molecular mass determinations of predicted polypeptide products and for motif searches, respectively.
The fraction of dsRNA extracted from symptomatic C. murale plants, analysed by agarose gel electrophoresis, revealed three major dsRNA species with estimated sizes of 3.8, 1.6 and 1.3 kb, indicative of the replicative forms of the full-length viral RNA (gRNA) and the two smaller subgenomic RNAs, sgRNA1 and sgRNA2, respectively. Agarose gel electrophoresis of viral RNA extracted from a purified virion preparation of TNV-D P revealed that the TNV-D P genome consists of a single genomic RNA molecule with an estimated size of 3.8 kb (data not shown).
Sequence analysis of the three overlapping fragments that were amplified showed that the complete genome sequence of TNV-D P is 3,761 nt long. The nucleotide sequence of TNV-D P was submitted to GenBank under the accession number FJ666328. The genome organization (six predicted ORFs) resembles that of the English and Hungarian isolates of TNV-D. The 5 0 -proximal ORF1 (nt 39-647) encodes a putative 202-amino acid (aa) polypeptide with a molecular mass of 22 kDa (p22). This ORF extends into a second ORF (ORF2) to a termination codon at nt 2,214-2,216 by readthrough of the amber stop codon (nt 645-647), encoding a predicted 725-aa-long protein with 82 kDa (p82). This protein has been identified as the RdRp by sequence comparison analysis. The catalytic RdRp domain of positive-strand RNA viruses (RdRp_viral) [5] was identified. ORFs 3, 4 and 5 were each predicted to encode a small protein of about 7 kDa each, with 62 aa (p7 1 ), 65 aa (p7a) and 66 aa (p7b), respectively. The 3 0 -proximal ORF6 encodes a putative 29-kDa (268 aa) protein identified as the CP. The ''S'' region signature of small icosahedral plant viruses was identified in the TNV-D P CP sequence [5] as well as the four conserved aa identified as Ca 2? binding sites [13] . The 3 0 untranslated region (UTR) of the TNV-D P genome consists of 305 nt and is thus identical in size to that of TNV-D H and 1 nt shorter than the 306 nt described for the TNV-D 3 0 UTR. However, the 3 0 terminal base sequence determined for the TNV-D P genome was GGAATT instead of GGAACCC, which had been reported for the other two TNV-D genomes. The 5 0 UTR of TNV-D P genome is 38 nt long and similar to that described for other TNV-D genomes.
The overall genome sequence identities between TNV-D P and the other TNV-D isolates were 94.8% (TNV-D) and 82.9% (TNV-D H ), whereas the nucleotide sequence identities to other necroviruses ranged from 42.9 to 57.1%. The p22 aa sequence identities of TNV-D P with TNV-D and TNV-D H were 96.6 and 84.6%, respectively. The TNV-D P p82 also shared higher aa sequence identity with that of TNV-D (97.6%) than with that of TNV-D H (88.6%). When compared to other necroviruses, the TNV-D P p82 had higher aa sequence identity with that of isolates of beet black scorch virus (BBSV) (ca. 69%) and leek white stripe virus (LWSV) (60.6%) than with that of TNV-A (ca. 34%), OLV-1 (ca. 33%) and OMMV (34.2%) isolates. The p7 1 (Fig. 1) . This is the first complete nucleotide sequence of a TNV-D isolate from olive trees. It is distinct from OMMV [3] , which was initially misidentified as TNV-D based on its coat protein sequence [2] . The presence of TNV-D in olive trees has been confirmed by RT-PCR assays using specific primers (Varanda et al. in preparation). There is notable sequence conservation between the three TNV-D isolates originating from different hosts and geographic areas, especially between the olive isolate from Portugal and the bean isolate from England. The major differences in protein sequence were found in the small protein p7 1 of TNV-D, TNV-D H and TNV-D P . Knowing that this protein is involved in cell-to-cell movement, these differences could be a result of virus host adaptation, facilitating more efficient systemic spread in different host plants. 
